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A diode, said diode corpf^fising: 



an isolation region formpa in a substrate; 

a first doped zcxkvc layer of a first conductivity type formed in said substrate, 
wherein said dop^fl layer is spaced apart from said isolation region; and 

5 a second doped active layer of a second conductivity type in contact with said 

first doped active layer, the contact of said first and second active layers forming a p-n 
junction. 

2. Thekiiode according to claim 1, wherein the first conductivity type is n- 
type, and die seconel conductivity type is p-type. 

10 3. The diod^according to claim 1, wherein said isolation region is a field 

oxide region formed by the Local Oxidation of Silicon process. 

4. The diode ac^kding to claim 1, wherein said isolation region is a field 

\ 

oxide region formed by the ShaMow Trench Isolation process. 



5. The diode according t^claim 1, wherein said first doped active layer is 
15 spaced from said isolation region by from about 0.05 \xm to about 1.0 ^im. 



6. The diode according to claiimS, wherein said first doped active layer is 
spaced from said isolation region by about 0.1\|am to about 0.8 (im. 
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7. The dfbde according to claim 6, wherein said first doped active layer is 
solaaon 



spaced from said isolation region by about 0.2 to 0.7 um. 



8. Threnode according to claim 1, further comprising a first doped region of 



"ft 



a second conductivity \ype at least partially under said isolation region. 



9. The diodes according to claim 8, wherein said first doped region is spaced 
away from the edge of saia isolation region. 

10. The diode according to claim 8, wherein said first doped region is a p- 
type region. 

11. The diode according to claim 1, wherein said first doped active layer is 
doped with dopants selected fromWie group consisting of arsenic, antimony and 
phosphorous. 



12. The diode according to ^laim 11, wherein said first doped active layer is 
doped with phosphorous. 




13. The diode according to clairr^l 1 , wherein said first doped active layer is 
doped at a dopant dose of from about lxlO*! ions/cm 2 to about lxlO 16 ions/cm 2 . 



14. The diode according to claim 8, wherein said first doped region is doped 
at a dopant dose of from about lxlO 11 ions/cm 2 M;o about 1x10 14 ions/cm 2 . 
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\ 

15. The dJbde according to claim 1, wherein said first doped active layer is an 
n-type active layer and said second doped active layer is a p-well. 

16. The diode according to claim 1, fiirdier comprising a third doped active 
layer at least partially within said first dipped active layer. 

5 17. The diode according^ to claim 16, wherein said third doped active layer is 

spaced away from the edge of safid first doped active layer. 

18. The diode ac/ording to claim 16, wherein said third doped active layer is 
an n-type region. 

19. The dio</e according to claim 16, wherein said third doped active layer is 
10 doped at a dopant dole of from about lxlO 12 ions/cm 2 to about lxlO 16 ions/cm 2 . 

20. The fliode according to claim 9, further comprising a third doped active 
layer at least partially within said first doped active layer. 

21. Tine diode according to claim 20, wherein said third doped active layer is 
spaced away frfom the edge of said first doped active layer. 

15 22. / The diode according to claim 20, wherein said third doped active layer is 

an n-type rdgion. 
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23. The diode according^dclaim 20, wherein said third doped active layer is 
doped at a dopant dose o£#6m about lxlO 12 ions/cm 2 to about lxlO 16 ions/cm 2 . 

24. The diocB£ according to claim 1, wherein said diode is used in a CCD 
imager array. 

25. The diode acceding to claim 1, wherein said diode is used in a CMOS 
imager array. 

26. The diode according to claim 1, wherein said diode is used in a memory 

array. 



27. The diode according to claim 1, wherein said diode is used in a logic 



10 device. 




28. A diode for use in an imaging devjgfc, said diode comprising: 



an isolation region formed in a substrate; 

a first doped active layer of a/first conductivity type formed in said substrate of a 
second conductivity type, wherein said first doped active layer is spaced apart from said 
15 isolation region; and 

a second dope^ active layer of a first conductivity type formed within said first 
doped active layeF^ wherein said second doped active layer is doped to a higher dopant 
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dose that said first doped active layer, wherein said first and second active layers and said 
substrate form a p ^ji junction. 



29. Th* diode according to claim 28, wherein the first conductivity type is n- 
type, and the second conductivity type is p-type. 



30. The diode according to claim 28, wherein said isolation region is a field 

\\ 

oxide region formed by\the Local Oxidation of Silicon. 

\ 



31. The diode according to claim 28, wherein said isolation region is a field 



oxide region formed by the Shallow Trench Isolation process. 



32. The diode according to claim 28, wherein said first doped active layer is 

\ 

spaced from said isolation region by from about 0.05 jam to about 1.0 |am. 



33. The diode according\to claim 28, wherein said first doped active layer is 
spaced from said isolation region by about 0.1 jam to about 0.8 jam. 



34. The diode according to claim 28, wherein said first doped active layer is 

\ 

spaced from said isolation region by about 0.2 jam to about 0.7 p.m. 



35. The diode according to claimv28, further comprising a first doped region 

\ 

of a second conductivity type under said isolation region. 
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36. The diode according to claim 35, wherein said first doped region is spaced 
away from die edge of said isolation region. 

37. The diode according to claim 35, wherein said first doped region is a p- 
type region 



38. The diode according to claim 28, wherein said first doped active layer is 
doped with dopants selected from die group consisting of arsenic, antimony and 
phosphorous. 

39. The diode according to claim 38, wherein said first doped active layer is 
doped with phosphorous. 



10 40. The diode according to^claim 28, wherein said second doped active layer 

V 

is doped with dopants selected from theWroup consisting of arsenic, antimony and 

i 

phosphorous. 

\\ 
A 

\ 

41. The diode according to claim\40, wherein said second doped active layer 

V\ 
v, 

is doped with phosphorous. s } 

\ 

15 42. The diode according to claim 28^ wherein said first doped active layer is 

doped at a dopant dose of from about lxlO 11 ioks/cm 2 to about IxlO 16 ions/cm 2 . 



w 

\ 



vS- <KX>JT05! HOC 



d^/Plll 24 



Docket No. M4O65.0^B/Plll 24 JV^Vn Ref.: 98-0446.00/US 



43. The dijode according to claim 28, wherein said second doped active layer 
is doped at a dopant dose of from about lxlO 11 ions/cm 2 to about lxlO 16 ions/cm 2 . 

44. The diode according to claim 35, wherein said first doped region is doped 
at a dopant dose of from alkmt lxlO 11 ions/cm 2 to about lxl 0 14 ions/cm 2 . 



\ 



V 

45. The diode according to claim 28, wherein said first doped active layer is 
an n- region and said second doper active layer is an n+ region. 



46. The diode according to claim 28, wherein said diode is used in a CCD 

\\ 

imager array. ^ 

■ V: 

\ 

47. The diode according to claim 28, wherein said diode is used in a CMOS 

! 

10 imager array. I. 

\\ 

\. 

48. The diode according to claim 28, wherein said diode is used in a memory 

array. 



49. The diode according to claim 28, wherein said diode is used in a logic 

device. 

15 v 50. Ai^mager device comprising: 

(i) a processo\ and 

(ii) an imaging device coupled to said processor, said imaging device comprising: 
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a photodiode for use in an imaging device, said photodiode comprising: 
an isolation region formed in a substrate; 

a first doped photoactive layer of a first conductivity type formed in said 
substrate, wherein'said doped layer is spaced apart from said isolation region; and 

a second doped photoactive layer of a second conductivity type in contact 
witii saicMirst doped photoactive layer, die contact of said first and second 
photoactive layers forming a p-n junction. 

51. The knager according to claim 50, wherein the first conductivity type is n- 
type, and the secondkeonductivity type is p-type. 

52. The imagpr according to claim 50, wherein said isolation region is a field 
oxide region. 

53. The imager according to claim 50, wherein said isolation region is a 
Shallow Trench Isolation regfi^ 

54. The imager according to claim 50, wherein said isolation region is formed 
of Local Oxidation of Silicon. 

55. The imager according^ claim 50, wherein said first doped photoactive 
layer is spaced from said isolation region by from about 0.05 \xm to about 1.2 jam. 
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56. Trae imager according to claim 55, wherein said first doped photoactive 
layer is spaced from said isolation region by about 0.1 \im to about 0.8 (am. 

57. The imager according to claim 50, wherein said first doped photoactive 
layer is spaced from Said isolation region by about 0.2 jam to about 0.7 \im. 

5 58. The imager according to claim 50, further comprising a first doped region 

of a second conductivity* type under said isolation region. 

59. The diode According to claim 57, wherein said first doped region is spaced 
away from the edge of saicmisolation region. 

60. The imager aceprding to claim 58, wherein said first doped region is a p- 
10 type region. 

61. The imager according to claim 50, wherein said first doped photoactive 
layer is doped with dopants selected from the group consisting of arsenic, antimony and 
phosphorous. 



62. The imager according t^ claim 67, wherein said first doped photoactive 
15 layer is doped with phosphorous. 
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63. Th 
layer is doped at a 
ions/cm 2 . 



imager according to claim 67, wherein said first doped photoactive 
dopant dose of from about lxlO 11 ions/cm 2 to about lxlO 16 



64. The imager according to claim 58, wherein said first doped region is 
5 doped at a dopant dose orarom about lxlO 11 ions/cm 2 to about lxlO 14 ions/cm 2 . 

65. The imager according to claim 50, wherein said imager is a CCD imager. 

66. The imager according to claim 50, wherein said imager is a CMOS imager 

array. 



10 



15 



67. An imager device comprising: 

(i) a processor; and 

(ii) an imaging device coupled to said processor, said imaging device comprising: 

a photodiode for us<\n an imaging device, said photodiode comprising: 
an isolation region formed in a substrate; 

a first doped photoactive la^r of a first conductivity type formed in said 
substrate doped to a second conductivrW type, wherein said first doped 
photoactive layer is spaced apart from said Isolation region; and 

a second doped photoactive layer of a fiWt conductivity type formed 
witioin said first doped photoactive layer, wherein said second doped photoactive 
layer is doped to a higher dopant dose that said first d^ped photoactive layer, 
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wherein said fir§£^fia second photoactive layers and said substrate form a p-n 
junctiop^ 

68. Theumager according to claim 67, wherein the first conductivity type is n- 
type, and the secondxconductivity type is p-type. 

69. The imager according to claim 67, wherein said isolation region is a field 
oxide region. 

70. The imager according to claim 67 herein said isolation region is a Shallow 
Trench Isolation region. 

71. The imager according to claim 67 herein said isolation region is formed of 
Local Oxidation of Silicon. 

72. The imager according to claim 67 wherein said first doped photoactive 
layer is spaced from said isolation region by from about 0.05 jam to about 1.2 jam. 



73. The imager according to c ^ m 67 herein said first doped photoactive layer 
is spaced from said isolation region by ab(^ut 0.1 |im to about 0.8 jam. 

74. The imager according to claim 67 wherein said first doped photoactive 
layer is spaced from said isolation region by \bout 0.2 jam to about 0.7 [im. 
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75. Tl|e imager according to claim 67, further comprising a first doped region 
of a second conductivity type under said isolation region. 

76. The\mager according to claim 75, wherein said first doped region is 
spaced away from thft edge of said isolation region. 



77. The imager according to claim 75, wherein said first doped region is a p- 

\ 

type region. u 



78. The imager according to claim 67, wherein said first doped photoactive 
layer is doped with dopantslselected from the group consisting of arsenic, antimony and 
phosphorous. 

79. The imager accoixiing to claim 78, wherein said first doped photoactive 
layer is doped with phosphorous. 



80. The imager according to claim 67, wherein said second doped 
photoactive layer is doped with dopants selected from the group consisting of arsenic, 
antimony and phosphorous. 



81 . The imager according to\ctaini 80, wherein said second doped 



photoactive layer is doped with phosphorous. 



\ 



Y 

\ 
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82. The imager according to claim 80, wherein said first doped photoactive 



layer is doped at a dopant dose of from about lxlO 11 ions/cm 2 to about 1x10 
ions/cm 2 . 



16 



83. The imager according to claim 82, wherein said second doped 
photoactive layer is dope$d at a dopant dose of from about lxl O 12 ions/cm 2 to about 
lxlO 16 ions/cm 2 . 

84. The imager according to claim 77, wherein said first doped region is 
doped at a dopant dose of from about lxlO 11 ions/cm 2 to about lxlO 14 ions/cm 2 . 

\ 

85. The imager according to claim 67, wherein said first doped photoactive 
layer is an n- region and said second doper photoactive layer is an n+ region. 

86. The imager according to claim 67, wherein said imager is a CCD imager. 



87. The imager according to claim 67, wherein said imager is a CMOS 

\ 



imager. 



88. A method of forming a gjrotodiode structure in a substrate, said method 
comprising the steps of: 

forming an isolati<^^^ ^on J^said substrate; 

forming a doped^egion of a first conductivity under said isolation region; 




pedfreg 
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forming a doped photoactive layer of a second conductivi^in said substrate, 
wherein said doped photoactive layer is spaced apart from said^isolation region. 

89. The method according to claim 88, whereirimie first conductivity type is 
p-type, and the second conductivity type is n-type. 

90. The method according to claim 88, wherein the semiconductor substrate 
is a silicon substrate. 



91. The method according to claim 88, wherein the doping step comprises 
ion implantation. 



92 . The method according to claim 9 1 , wherein said doped photoactive layer 
is doped with a dopant selected from the/grour^e6ns^stirig of arsenic, antimony and 

/ / \.i ^ 

phosphorous. / 

/ 

\U f 

93. The method/according to claim 92, wherein said doped photoactive layer 

/ 

is doped at a dopant dose level of from about lxlO 11 ions/cm 2 to about lxlO 16 

ions/cm 2 . / 

/ 

I 

94. The method^ according to claim 93, wherein said doped photoactive layer 
is spaced from said isolation regions by applying a mask to said substrate. 
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95. The method according to claim 93, whermn said doped photoactive layer 
and said doped regions are formed sequentially in said/substrate with a single mask and 



resist. 



96. A method of forming a photodiodefin a substrate, said method 



5 comprising the steps of: 



10 



15 



forming an isolation region in said substrate; 



forming a doped region of a first conductivity under said isolation region; 

/ 

forming a first doped photoactive layer of a second conductivity in said substrate 



encompassed by said isolation regiomrAVherein said first doped photoactive layer is 

spaced apart from said isolatiorj/y^ibri; and 

/ 

/ 

forming a second d6peByphotbactive layer of a second conductivity within said 
/j I 

first doped photoactiv^laye/,ywherein said second doped photoactive layer is doped at a 
dopant dose that is £reaterjthan said first doper photoactive layer. 





^tO'clSim 96, wherein the first conductivity type is 
Conductivity type is n-type. 

98. The method according to claim 96, wherein the semiconductor substrate 

/ 

is a silicon substrate. '/ 



99. The method according to claim 96, wherein the doping step comprises 
ion implantation. jj 
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100. The method according to claim 99, wherein said first doped photoactive 
layer is doped with a dopant selected from the group consisting of arsenic, antimony 
and phosphorous. 

101. The method according to claim 100, wherein said first doped photoactive 
5 layer is doped at a dopant dose level of from about 1&10 11 ions/cm 2 to about lxlO 16 

ions/cm 2 . 

102. The method according to claim/ lOl^herein said second doped 
photoactive layer is doped with a dopant selected from the group consisting of arsenic, 
antimony and phosphorous. 

10 103. The method accprdirj/g to claim 102, wherein said second doped 

photoactive layer is doped at a dof>^Lnt/^ose level of frop^^out^^O 11 ions/cm 2 to 
about lxlO 16 ions/cm 2 

104. The method according to claim 101, wherein said first doped photoactive 
layer is spaced from said isolation regions by applying a mask to said substrate. 



15 105. The m/thod according to claim 101, wherein said first doped photoactive 

layer and said doped regions are formed sequentially in said substrate with a single mask 
and resist. 



